The LHC is expected to increase its center-of-mass energy to 14 TeV and an instantaneous luminosity to 2.4 × 10 34 cm −2 s −1 for Run 3 scheduled from 2021 to 2023. In order to cope with the high event rate, an upgrade of the ATLAS trigger system is required. The level-1 endcap muon trigger system identifies muons with high transverse momentum measured by a fast muon trigger detector, TGC. In the ongoing upgrades for Run 3, new detectors called the New-Small-Wheel (NSW) and RPC BIS78 will be installed in the inner station region for the endcap muon trigger. Track information from the NSW and RPC BIS78 can improve the performance of the level-1 endcap muon trigger system significantly due to their good resolutions. In order to handle data from the TGC and new detectors, some new electronics have been developed, including the trigger processor board known as Sector Logic (SL). The SL board has a modern FPGA with huge resource, making it possible to implement algorithms for trigger decisions. A charge identification algorithm has been developed newly and the accuracy is estimated by simulation. Also, a trigger algorithm with NSW has been developed to reject fake triggers and improves the transverse momentum resolution. The trigger rate was estimated by real data in Run 2.
Level-1 endcap muon trigger
The level-1 endcap muon trigger of the ATLAS experiment [1] is a hardware trigger using Big Wheel of Thin Gap Chamber (TGC-BW) (as shown in Figure 1 ) used to identify muons in 1.05 ≤ |η| ≤ 2.40 and whole φ . A muon transverse momentum (p T ) is defined by measurement of curvature in the magnetic field (∆R, ∆φ ). Since a latency for the p T calculation is limited, predefined Look-Up-Tables (LUTs), as shown in Figure 1 , are used. Beam-induced backgrounds, primarily originating from the endcap toroid or shielding, are a significant source of fake triggers. A coincidence between TGC-BW and detectors in the inner station (inner coincidence) is the key to suppress the fake triggers. The endcap muon system is upgraded with new muon detectors, the New Small Wheel (NSW) [2] and RPC BIS78 [3] [4] , to suppress the fake triggers from Run 3 (2021-2023) [5] . NSW and RPC BIS78 will be installed as shown in Figure 1 . A new trigger processor board (Sector Logic; SL) has a sufficient number of inputs and outputs to cope with the large amount of information from the detectors in the inner station. It is able to implement more complex and high performance algorithms since the FPGA resource is increased by a factor of 20 for Run 3. Figure 1 : The schematic view of the muon spectrometer (left) and an example of the LUTs for the p T calculation (right). TGC-EI, TILE, NSW and RPC BIS78 are inner station detectors used for inner coincidence.
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Improvement of muon charge identification
The charge information is useful for development of some dedicated triggers, for example, a di-muon trigger for the decay B 0 s → µ + µ − , which is a sensitive probe for physics beyond the Standard Model. The di-muons trigger generates a lot of fake contribution from accidental coincidences. The requirement of the opposite charges to the di-muon can suppress the fake triggers significantly. A good accuracy on the charge identification is available by making full use of ∆R − ∆φ information measured by TGC-BW. Figure 2 shows the efficiency for the level-1 muon transverse momentum trigger with a threshold of 4 GeV(L1_MU4), and the efficiency with correctly identified charge using LUTs for charge identification. The identification accuracy for single muon is more than 98% in p T < 30 GeV. 
TGC-BW and NSW coincidence
The correlations in hit position and angle between TGC-BW and NSW are useful to suppress the fake triggers and improve the p T resolution. The p T is calculated by LUTs which are defined by hit maps of the position and angle generated by simulation. Figure 3 shows the number of muon candidates in the level-1 muon transverse momentum trigger with a threshold of 20 GeV(L1_MU20) as a function of p T . The candidates below the p T threshold are suppressed by the coincidence. Figure 4 shows the rate reduction of L1_MU20 estimated using Run 2 data and resuts of single muon simulation study. In the Run 2 data, the muon segments from Monitored Drift Tube, which is a detector located in the region where NSW and RPC BIS78 will be installed, are used insted of NSW and RPC BIS78. As a result, more than 90% of the fake triggers are rejected and approximately 45% rate reduction is expected. 
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Run-2 (BW + FI) Figure 3 : The number of muon candidates in L1_MU20 [6] . In the low p T regions, the muon candidates are rejected by the inner coincidence. Figure 4 : L1_MU20 distribution as a function of η [6] . 90% of the fake trigger is rejected in the region covered by NSW.
Conclusion
The level-1 endcap muon trigger will be upgraded with new detectors and electronics. Many upgrade ideas will be implemented on the FPGA of new SL. New charge identification algorithm has been developed and the performance was estimated by simulation. The charge identification accuracy is more than 98% in p T < 30 GeV. Also, a trigger algorithm with NSW has been developed to suppress fake triggers in the level-1 endcap muon trigger. About 45% rate reduction with negligible efficiency loss is estimated in L1_MU20 using Run 2 data.
